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Abstract
Objective—Physical activity (PA) is hypothesized to reduce the risk of preeclampsia, but few 
epidemiologic studies have simultaneously evaluated leisure time PA (LTPA), sedentary activity, 
occupational activity, and non-occupational, non-leisure time PA. Thus, we assessed the 
independent and combined effects of these different types of PA during pregnancy on 
preeclampsia and gestational hypertension risk.
Methods—Preeclamptic (n=258), gestational hypertensive (n=233), and normotensive (n=182) 
women were selected from live-births to nulliparous Iowa women. Disease status was verified by 
medical chart review. All PA exposures were self-reported. Multinomial logistic regression was 
used to test for the associations between various PA types and risk for preeclampsia or gestational 
hypertension.
Results—After adjusting for prepregnancy BMI, increasing levels of LTPA were associated with 
a reduced risk of preeclampsia (trend, p=0.02). Additionally, increasing amount of time spent 
active each day was associated with decreasing risks for preeclampsia (adjusted, trend; p=0.03). 
Increasing amount of time spent sitting per day was associated with an increasing risk of 
preeclampsia (adjusted, trend; p=0.10). Women who were active an average of more than 8.25 
hours per day were at a significantly reduced risk of preeclampsia relative to women who were 
active less than 4.2 hours per day (adjusted OR 0.58, 95% CI 0.36, 0.95). Most analyses evaluating 
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the risk of gestational hypertension yielded null results or results that trended in the direction 
opposite of the preeclampsia results.
Conclusion—Consistent with previous studies, these data suggest that increased PA during 
pregnancy may reduce preeclampsia risk while increasing levels of sedentary activity may increase 
the risk for the disease.
Keywords
preeclampsia; gestational hypertension; physical activity; occupational activity; pregnancy-
induced hypertension
Introduction
Preeclampsia is a leading cause of maternal and perinatal morbidity and mortality, 
complicating 2-8% of all pregnancies worldwide.1,2 Without intervention, women with 
preeclampsia are at substantial risk for seizures (eclampsia), pulmonary edema, stroke, liver 
and kidney failure, and death.2 Additionally, the fetus is at an increased risk of preterm 
delivery, intrauterine growth restriction, and death.3 Delivery of the infant, the placenta, and 
all products of conception remains the only effective means of treating preeclampsia.3
The causes of preeclampsia are not well understood, and, therefore, its prevention remains a 
challenge.4 However, one modifiable risk factor that has shown to be promising in the 
prevention of preeclampsia is physical activity (PA). Several relatively small studies have 
investigated the association of leisure-time physical activity (LTPA) and reported protective 
associations.5-8 Studies of occupational activity5,9-12 during pregnancy with risk of 
preeclampsia have reported similar associations, however, stressful occupations have been 
found to increase a woman's risk for preeclampsia.13-15 Benefits of physical activity during 
pregnancy include a reduction in pathophysiological characteristics of preeclampsia, 
including blood pressure and oxidative stress, and, as such, may reduce the risk of 
preeclampsia.16
One hypothesis suggests that the amount of time a woman spends in sedentary activity 
during pregnancy may be more indicative of preeclampsia risk than the amount and type of 
physical activity performed.6,10,17 Saftlas, et al. found that women who spent the least 
amount of time sitting while at work were at a decreased risk for preeclampsia compared to 
those who spent the most amount of time sitting at work, even among women who did not 
participate in LTPA.10 As this is one of the few studies to examine sedentary activity in 
relation to preeclampsia and gestational hypertension risk, further study is needed.
The objective of this study is to examine the association between PA during pregnancy, 
measured as LTPA, occupational activity, sedentary activity, and other forms of PA (e.g. 
household chores), and the risks of preeclampsia and gestational hypertension. Based on 
what is currently known about the beneficial effects of exercise on cardiovascular disease 
symptoms, we hypothesized that increasing levels of all types of PA and decreasing 
sedentary activity during pregnancy would result in a decreased risk for preeclampsia and 
gestational hypertension.
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Methods
Study population
Study subjects were participants in the Study of Pregnancy Hypertension in Iowa (SOPHIA), 
a population-based, case-control study designed to examine the roles of maternal-fetal 
human leukocyte antigen sharing and sexual history with the baby's father with risk of 
preeclampsia. A detailed description of this study has been described elsewhere.18,19 Briefly, 
primiparous mothers who delivered a live birth from August 2002 to May 2005 and resided 
in one of 42 Iowa counties were identified from electronic birth certificates. Women who 
had an indication of hypertension during pregnancy on the birth certificate were selected for 
recruitment as possible cases. Control subjects were randomly selected from primiparous 
women who had no record of high blood pressure on the birth certificate, and were 
frequency matched to cases based on county of residence. Willing subjects were screened 
for initial eligibility. Women with the following characteristics or predisposing health 
conditions were excluded:1) age < 18 years at delivery; 2) non-English speaking; 3) a prior 
pregnancy lasting more than 20 weeks; 4) multiple gestations;5) recurrent spontaneous 
abortion; 6) received donor eggs, sperm or embryos to conceive the index pregnancy; or 7) a 
diagnosis of chronic hypertension, chronic renal disease, type 1 or type 2 diabetes mellitus, 
systemic lupus, rheumatoid arthritis, or HIV. The final case status for all eligible and 
consenting subjects was initially determined using clinical information collected through 
computer-assisted telephone interviews (CATI) and subsequently confirmed by manual 
reviews of the subjects' hospital delivery records. A total of 258 preeclampsia cases, 221 
gestational hypertension cases, and 174 normotensive controls were ascertained.
Physical activity exposures: definitions and ascertainment
Upon determination of initial eligibility, SOPHIA subjects completed a 25-minute CATI to 
provide information on physical activity and other potential risk factors for preeclampsia. 
Women were asked to estimate their overall average LTPA, occupational activity, and 
participation in routine or typical daily activities across their entire pregnancy; these 
questions are listed in Supplemental Table 1. The average length of time between delivery of 
the infant and the CATI interview was 9.6 months (SD: 4.7 months).
LTPA was estimated using questions regarding the type, frequency, and duration of LTPA 
performed during pregnancy. In addition to the measure of minutes per week of LTPA, 
metabolic equivalents (METs) were also calculated and assigned for each reported activity 
as listed in the Compendium of Physical Activities.20 The average number of calories 
expended on LTPA each week was derived by multiplying the assigned MET value by the 
prepregnancy weight (kg) and the weekly frequency and duration (hours) for each reported 
activity; these values were then summed across all reported activities for each subject as a 
third measure of LTPA.
For occupational activity, women were asked to report whether or not they worked during 
pregnancy and the number of hours they worked per week. Additionally, the women were 
asked to recall the amount of time they spent: lifting or carrying more than 20 pounds, on 
their feet, and standing in one place while at work during pregnancy. We calculated the 
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amount of time per day women spent sitting at work by subtracting the number of hours they 
reported being on their feet while at work from the number of hours spent working. Each 
measure of occupational activity was analyzed separately.
Finally, women enrolled in SOPHIA were asked a series of questions intended to gather 
information regarding the amount of time they were engaged in PA outside of the workplace 
that was not considered LTPA, termed “other PA”. Specifically, women were asked about the 
amount of time they spent on their feet away from work, the amount of time per week they 
were engaged in heavy household chores, and whether or not they lifted or carried 
something weighing more than twenty pounds at least once a week while away from work, 
during their pregnancy. Each PA measure described above was analyzed separately.
In addition to evaluating the effects of each of the three types of physical activity, we created 
two variables to estimate the overall level of sedentary activity and PA per day. The first 
variable, which is a composite sitting variable, approximates the total time a woman spent 
sedentary per day. It was calculated as: 24 (hours in a day) − (# hours on feet at work) − (# 
hours spent on feet away from work). The second variable estimated the average amount of 
time a woman spent active each day by combining information from each of the three 
individual PA types. This was calculated as: (# hours performing LTPA) + (# hours on feet at 
home) + (# hours on feet at work).
Preeclampsia definition and ascertainment
Medical records from the antenatal, intrapartum, and postpartum periods were abstracted to 
identify elevated blood pressure and urinary protein levels during pregnancy. Preeclampsia 
was defined according to the National Heart, Lung, and Blood Institute (NHLBI) guidelines: 
1) sustained de novo hypertension (≥ 140 mmHg systolic or ≥ 90 mmHg diastolic on two or 
more occasions at least 6 hours apart) with onset after the 20th week of gestation, and 2) 
proteinuria, defined as urinary protein concentrations ≥ 30 mg/dL (i.e., dipstick value of 1+ 
from two or more specimens collected ≥ 4 hours apart; or at least one ≥ 1 dipstick value of 
2+ or greater; or a catheter dipstick value ≥1+; or a 24-hour urine collection ≥300 mg of 
protein).21 Women who experienced sustained de novo hypertension after 20 weeks 
gestation with no evidence of proteinuria were classified as gestational hypertension.
Statistical analysis
Univariate and multivariate analyses were performed using SAS 9.3 (SAS Institute, Cary, 
NC). We compared the characteristics of the study participants stratified by study group 
(preeclampsia, gestational hypertension, and normotensive women) using chi-square tests 
for categorical variables and t-tests for continuous variables.
Multinomial (polytomous) logistic regression models were created to analyze the 
associations between the different types of PA and risk for preeclampsia and gestational 
hypertension compared to normotensive controls. Additionally, use of multinomial logistic 
regression allowed us to compare the effect estimates for the associations between PA and 
the risks of preeclampsia and gestational hypertension by setting preeclampsia as the 
referent group. Multivariable multinomial logistic regression was used in order to adjust for 
potential confounders; however, only variables that produced at least a 10 percent change in 
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main effect risk estimates were retained in the final models. The covariates examined as 
potential confounders included: BMI (continuous), maternal age at delivery (continuous), 
education (categorical), preconception smoking (yes/no), smoking during pregnancy 
(nonsmoker, 1st trimester only, and 2nd/3rd trimester), paternal seminal fluid exposure19, and 
HLA sharing18. Continuous measures of PA variables were analyzed as such, as well as in 
tertiles or quartiles based on the distribution in the normotensive control subjects. 
Specifically, for each occupational and other PA variable, we divided the normotensive 
control subjects into three or four equal groups and applied the same cut points to case 
subjects. For the LTPA variables, we divided the normotensive control subjects whose LTPA 
level exceeded zero into three equal groups and applied the same cut points to case subjects. 
With the categorical measures of PA, the Wald test was used to assess for a trend in the 
effect estimates. Model fit was assessed using the Hosmer-Lemeshow test for goodness of 
fit. Statistical significance was defined as a p-value < 0.05 and marginal significance as a p-
value ≤0.10.
Results
Characteristics of the study population are shown in Table 1. Women who developed 
preeclampsia, on average, had a significantly higher prepregnancy BMI and a significantly 
shorter gestational period than normotensive controls. Preeclamptic women and controls 
were similar with respect to age, education, smoking during pregnancy, race, and prior 
pregnancy. Like women with preeclampsia, women who developed gestational hypertension 
had a significantly higher prepregnancy BMI than controls. Normotensive controls and 
women with gestational hypertension did not differ by age, education, gestational period, 
smoking during pregnancy, maternal race, and prior pregnancy.
The findings shown in Table 2 suggest that LTPA is inversely associated with preeclampsia. 
For every ten-minute per week increase in LTPA, a significant reduction in preeclampsia risk 
was observed (OR 0.98, 95% CI 0.97, 0.99); this association, however, was slightly 
attenuated after adjustment for prepregnancy BMI (OR 0.99, 95% CI 0.98, 1.00). A similar 
relationship of LTPA with the risk of gestational hypertension was observed in the adjusted 
models. Comparable results were also found when LTPA was analyzed as the average 
number of calories burned or the number of MET hours performed per week (Supplemental 
Table 2).
Engaging in other forms of PA (Table 2), including the amount of time spent standing or 
performing heavy household chores, was not associated with preeclampsia risk. Similarly, 
no association was detected between the time spent on feet away from work and risk of 
gestational hypertension. In contrast, the risk of gestational hypertension was positively 
associated with increasing average number of minutes per week spent performing heavy 
household chores (coded in tertiles) (adjusted, p=0.07). Among women who performed an 
average of >180 minutes of heavy household chores per week during pregnancy, the odds of 
preeclampsia (adjusted OR 0.79, 95% CI 0.43, 1.43) and odds of gestational hypertension 
(adjusted OR 1.64, 95% CI 0.91, 2.96), trended in opposite directions and the point 
estimates were significantly different from one another (p=0.008).
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Table 3 presents the results from the analyses of occupational activity during pregnancy and 
the estimated risk of preeclampsia and gestational hypertension. Among the women who 
reported working during pregnancy, a one-hour increase in the amount of time a woman 
reported being on her feet or standing in one place at work was associated with a decreased 
risk of preeclampsia (adjusted OR 0.96, 95% CI 0.91, 1.02 and adjusted OR 0.92, 95% CI 
0.81, 1.05, respectively). Additionally, a positive, albeit nonsignificant, trend was observed 
between the average number of hours per day spent sitting at work and risk of preeclampsia 
(adjusted, p=0.10). No associations were observed between the amount of time a woman 
spent lifting or carrying more than 20 pounds at work, on her feet at work, or standing at 
work and the odds of preeclampsia. The tertile analysis of the average number of hours 
worked per week demonstrated a significant, positive trend with the risk of gestational 
hypertension (adjusted, p=0.04). Women who worked, on average, more than 40 hours per 
week were at significantly higher odds of gestational hypertension (adjusted OR 1.72, 95% 
CI 1.00, 2.98) than those who worked less than 36 hours per week. Furthermore, the average 
number of hours a woman spent standing in one place at work was positively associated with 
the risk of gestational hypertension (adjusted, p=0.03). No associations were observed 
between the amount of time a woman spent lifting or carrying more than 20 pounds at work, 
time spent on her feet at work, or time spent sitting at work and the odds of gestational 
hypertension. Finally, odds ratios for preeclampsia and gestational hypertension trended in 
opposite directions and differed significantly from each other within subgroups of women 
who worked more than 40 hours per week, stood in one place at work for more than 3 hours 
per day, or who stood at work for more than 7 hours per day (adjusted; p=0.01, p=0.007 and 
p=0.03, respectively).
Results from the analyses evaluating the composite sedentary and PA variables with the 
estimated risk of preeclampsia and gestational hypertension are presented in Table 4. After 
combining the three types of PA into one composite variable categorized into tertiles, 
increasing amounts of time spent active per day was associated with a decreasing estimated 
risk of preeclampsia (adjusted, p for trend=0.03). Women with ≥ 8.25 hours of PA per day 
(tertile 3) showed the greatest protection against preeclampsia compared to those with 
0-4.20 hours of PA per day (tertile 1) (adjusted OR 0.58, 95% CI 0.36, 0.95). Additionally, 
appositive association was observed between the average number of hours a woman spent 
sedentary and the risk for preeclampsia (adjusted, p for trend=0.10). There was no 
association of the composite sedentary activity variable with the risk of gestational 
hypertension. Results for all analyses were similar when the exposures were analyzed as 
quartiles (data not shown).
Lastly, a multinomial logistic regression analysis was performed combining each measure of 
the different forms of physical activity into one model [LTPA (10 min/day), time spent on 
feet at work (hours per day), and time spent on feet away from work (hours/day)] to examine 
each activity's relationship with the odds of preeclampsia and gestational hypertension 
(Supplemental Table 2). Odd ratios for each form of PA in the combined model were similar 
to those obtained when each form of PA was analyzed separately.
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Discussion
This study examined the association between physical activity and the risk of preeclampsia 
and gestational hypertension. Independent protective associations of LTPA with 
preeclampsia were consistently observed using various measures of the exposure; these were 
most often statistically significant. While no significant associations were observed between 
measures of occupational activity and preeclampsia risk, increasing amount of time spent 
sitting at work was associated with increasing odds of preeclampsia (adjusted p for trend= 
0.10). Additionally, we were able to examine the associations between composite measures 
of sedentary and non-sedentary activity and preeclampsia, which suggested that women who 
spent the greatest amount of time active had a 42% reduced risk of preeclampsia relative to 
the least active women. In contrast, no association was observed between composite physical 
activity and risk of gestational hypertension. Furthermore, results from analyses of the 
association of occupational activity with preeclampsia and gestational hypertension 
frequently differed among these pregnancy conditions. Odds ratios for preeclampsia and 
gestational hypertension trended in opposite directions and differed significantly from each 
other within subgroups of women who worked more than 40 hours per week, stood in one 
place at work for more than 3 hours per day, or who stood at work for more than 7 hours per 
day (adjusted; p=0.01, p=0.007 and p=0.03, respectively). Finally, our results suggest that 
the odds of preeclampsia and gestational hypertension were increased with increasing 
amounts of sedentary activity (preeclampsia, ptrend=0.10; gestational hypertension, p=0.17).
Overall, previous studies evaluating the relationships between types of PA and preeclampsia 
support our findings. Several studies of LTPA during pregnancy and preeclampsia risk found 
reductions in risk.5,6,10,22-24 Additionally, a meta-analysis of six case-control studies 
observed a protective effect of LTPA during pregnancy on development of preeclampsia (OR 
0.77).24 Regarding occupational activity, three studies reported similar, nonsignificant trends 
of the protective effect of the time spent standing in one place at work on preeclampsia 
risk.5,9,12 An additional study demonstrated a significant, protective effect against 
preeclampsia in women whose occupation required frequent standing/walking compared to 
those whose occupation did not (OR 0.70).11 Finally, one published study to date has 
evaluated the association between other types of physical activity (e.g. household chores) 
with the risk of preeclampsia.25 This study found that women who reported spending 4 or 
more hours per week doing household chores had a non-significant, 60% reduction in the 
risk of preeclampsia compared to women who reported less than 4 hours of housework per 
week (OR 0.4, 95% CI 0.1, 1.5). This study adds to the current body of literature by 
examining three types of PA (LTPA, occupational, and other types of PA) and their 
respective associations with preeclampsia and gestational hypertension. In addition, we 
examined the relationship of sedentary activity with preeclampsia and gestational 
hypertension.
For 3 of our analyses, the odds ratios for preeclampsia and gestational hypertension trended 
in opposite directions and differed significantly from each other [women who worked more 
than 40 hours per week (p=0.01), stood in one place at work for more than 3 hours per day 
(p=0.007), or who stood at work for more than 7 hours per day (p=0.03]. To our knowledge, 
three prior studies examined the associations between occupational activity and both 
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preeclampsia and gestational hypertension10,26,27; of these, only two performed analyses 
similar to our study. Haelterman et al. demonstrated an increased risk of preeclampsia (aOR 
2.5) among women who spent more than one hour per day standing at work compared to 
those who stood for zero hours, but found no association with gestational hypertension.26 
Chang et al. found no differences in the odds for gestational hypertension or preeclampsia 
among primiparous women who worked more than 40 hours per week.27 Of note, neither of 
these studies directly compared preeclampsia to gestational hypertension using multinomial 
regression, so it is unknown if their results significantly differed from each other.
Several biologic mechanisms could explain the inverse association of PA with the risk of 
preeclampsia.28 Hallmarks of preeclampsia include poor placental development, oxidative 
stress, inflammation, and endothelial dysfunction. PA is beneficial for placental growth and 
development because it diverts blood flow toward the skin and muscles, creating a short-
lived, hypoxic environment that promotes angiogenesis.29-31 PA also stimulates antioxidant 
defenses28 and increases the number of mitochondria in the body32, enabling the body to 
become more resistant to oxidative stress. Furthermore, markers of oxidative stress, such as 
lipid peroxidation, are reduced with PA33, further supporting the notion that PA increases the 
body's ability to combat oxidative stress.28 Additionally, regular PA has been shown to have 
anti-inflammatory effects34 and promote healthy immune responses in both pregnant and 
nonpregnant women.28 Finally, endothelial dysfunction, a classic hallmark of preeclampsia, 
can be caused by a number of factors including dyslipidemia, proinflammatory cytokines, 
and reactive oxygen species, all of which have been shown to be reduced with PA.23,28
A key strength of this study was our use of the population-based SOPHIA dataset, which 
included only primaparous women and utilized strict definitions of case and control status 
using prenatal blood pressure and urinary protein levels abstracted from medical charts to 
accurately categorize subjects. Other strengths of SOPHIA include the sizable number of 
preeclamptic and gestational hypertension cases, a comprehensive set of known and 
potential confounders, including prepregnancy BMI, primipaternity, smoking habits during 
pregnancy, paternal sperm exposure, and HLA sharing. Unlike many studies, we were able 
to examine differences in risk for certain activities performed while at work, including time 
spent sitting, standing in one place, being on one's feet, and lifting/carrying heavy objects.
The primary limitation of this study was that our exposure data were self-reported during the 
postpartum period. While misclassification of the type, frequency, or duration of PA may 
have occurred, we expect that any misclassification would have been similar among case and 
control subjects and that the results would be biased towards the null. While It is possible 
that women diagnosed with preeclampsia or gestational hypertension may have differentially 
recalled their PA levels relative to normotensive controls, we believe that this would have 
been unlikely for several reasons. First, the potential for physical activity to reduce one's risk 
of preeclampsia was not well-established at time of the SOPHIA data collection. 
Furthermore, the ACOG recommends 30 minutes or more of moderate exercise per day on 
most, if not all, days of the week, even for pregnant women who were previously inactive16; 
thus, exercise is not commonly recognized as a potential factor that could increase or 
decrease the risk of preeclampsia or gestational hypertension, and thus it is less likely that 
recall would be differential between the study groups. Finally, the PA questions in SOPHIA 
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are rather general as women were asked to estimate their PA levels across the entire 
pregnancy. Thus, the reported levels of may not accurately reflect the PA actually performed 
as PA levels are likely to vary throughout pregnancy.
Caution should be taken when generalizing these results to other study populations because 
SOPHIA contains a fairly homogenous population of mostly white women (over 90%). As 
most of the women participants (93%) were employed, we were unable to assess the 
relationship between being employed and preeclampsia risk. In addition, our sedentary 
activity variables were estimated indirectly based on the time a woman reported being on her 
feet at work and/or at home; thus these estimates may not accurately reflect the time spent 
being sedentary. Another study limitation is related to the potential effect that preeclampsia 
symptoms may have had on activity levels. Women with symptoms of preeclampsia or 
gestational hypertension may be placed on activity restrictions or bed rest; as such, their 
reported estimates of PA may not be reflective of their actual activity. To account for this, we 
performed sensitivity analyses excluding women who reported being on bed rest during their 
pregnancy (n=9). However, the effect estimates were unchanged and, thus, these women 
remained in our analyses.
In conclusion, we found that women with higher levels of PA during pregnancy tended to 
have a lower risk of preeclampsia, while women with increased levels of sedentary activity 
were at increased risk. As one of the few potentially modifiable factors associated with a 
reduced risk of preeclampsia, promotion of PA during pregnancy may be a promising 
approach for reducing the risk of the disease. However, additional research is needed to 
confirm the protective effect of PA on preeclampsia risk. Ideally, future studies and 
randomized trials should prospectively collect measures of PA throughout pregnancy using 
an activity-monitoring device, such as an accelerometer, pedometer, or heart rate monitor, to 
provide objective measures of PA during pregnancy and evaluate to what extent physical 
activity may modify the risk for preeclampsia.
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